The mineral elements as constituents of the nucleus undoubtedly participate in important structural and metabolic functions of the nuclear components. Microincineration studies of Scott" I and Barigozzi2 showed nuclear minerals, mostly calcium and magnesium, to be closely associated with the chromosomes. Allg6n4 found magnesium to be a constituent of nucleo-histone. Gulick5 and, more recently, Milovidov6 have reviewed the problem of inorganic elements within the nucleus. Poulson and Bowen7 have used radioactive tracer methods in further explorations in this field. VOL. 39, 1953 A different method of approach is to test possible effects of alterations in mineral metabolism on the heritable components of the nucleus. Stubbe and Doring8 found that sulfur, nitrogen, and phosphorus deficiencies increased the "spontaneous" mutation rate in the snapdragon. According to Demerec and Hanson,9 a high level of manganous chloride considerably increased the mutation rate in E. coli (B/r).
The present report concerns the induction of chromosome stickiness by a magnesium deficiency. Because stickiness usually results in chromosome breakage, it is possible in this instance to specify the cytological mechanism responsible for alterations in the heritable material.
Materials and Methods.-Clonal material of Tradescantia paludosa (clone 5 of Sax) was grown by culture solution methods of Hoagland and Amnon.10 Material for cytological examination was fixed in ethanol acetic acid mixtures (3: 1) and stained by carmine or Feulgen smear techniques.
Culture Solutions.-In the first experiment, the low magnesium cultures were obtained by adding only limited amounts of magnesium sulfate to solution one. 10 The pH was adjusted weekly to 5.5 with sulfuric acid. The sulfate ion also served as the source of sulfur. For each treatment two sets of four plants each were grown in 7 liters of culture solution. Solutions were changed every two weeks. All material was grown at least three months.
In the second experiment the procedure for a magnesium deficiincy was followed,10 except iron was added as ferric potassium ethylenediamine tetra-acetate." The pH was 5.8 at the start of cultures and before each change, which occurred every six weeks, the pH was no higher than 7.5. For Samples from all treatments in both experiments were taken just previous to the onset of severe magnesium deficiency symptoms. The mean frequency of pollen abortion was 2.83% with a range of from 0.8 to 5.5%/ (12, fewer micronuclei (below 2%) taken from plants most severely effected by the magnesium deficiency had no more than 7.0% pollen abortion. These data then, indicate a positive correlation between the amount of pollen abortion and frequency of micronuclei in magnesium-deficient inflorescences. Such a correlation bears out the contention that an estimate of chromosome breakage produced at meiosis based on the frequency of micronuclei of magnesium-deficient pollen is too low.
Mature Pollen.-In nearly mature binucleate pollen which was severely affected by the magnesium deficiency, a number of bizarre cytological effects were observed. In both experiments a small fraction of the pollen, perhaps 1 to 2%, started precocious division of the generative nucleus.
Stages from early prophase (where the chromosomes were visibly split), late prophase, and normal metaphase and anaphase figures were observed. Tri-nucleate pollen grains were the result of such precocious second divisions. In control pollen, either soil or culture solution grown, no such second mitotic division of the generative nucleus has been observed. In normal pollen, the second microspore division takes place in the pollen tube only after the pollen grain has germinated. Occasional mature generative nuclei in magnesium deficient pollen were broken into two or three sections. Other microspores exhibited various degrees of nuclear degeneration. Further study must be done to describe this particular aspect of the magnesium deficiency effect on the nucleus.
Somatic chromosomes from magnesium deficient root tips and leaf bases were examined. Little or no sign of nuclear or chromosome disturbances was found in leaf bases from the magnesium deficient plants. However, there were regions of dead cells in most deficient root tips.
Discussion.-The cytological effects produced by a magnesium deficiency are almost identical to those given by Beadle12 in the description of the sticky gene in Zea mays. In both examples, first and second meiotic divisions are very sticky, and are followed by much degeneration of the microspores while the root tip mitoses appear normal cytologically. The fact that some disturbance of somatic divisions occurred in maize can be detected by the low vigor of the plants and by the presence of streaks of aberrant tissue; with the appropriate genetic factors chimeras could be produced. In addition, chromosome aberrations could be detected in some of the somatic metaphase complements. In the Tradescantia example, the mineral deficiency itself could account for all the observed effects on vigor, and for the presence of small necrotic zones in the root tips. Bands or sectors of aberrant tissue were not observed in the plants and no systematic study of mitotic complements has yet been made. In maize mutations and chromosome aberrations have been found in the progeny of sticky plants,'3 and seed of the sticky Tradescantia material has been collected for a similar study.
A temperature shock was reported by Sax'4 to produce sticky chromosomes in Tradescantia. Other disturbances such as chromosome aberrations and precocious chromosome development of the generative nucleus were produced as well as asynapsis which in turn gave rise to diploid pollen. The temperature shock treatment caused a precocious division of the generative nucleus. La Cour'5 also found that temperature shock would produce further mitosis in dwarf pollen grains in Tradescantia.
The nuclear effects produced by the magnesium deficiency are in some respects similar to the temperature shock treatments. Just how these two treatments could be related is not clear. The possibility should be considered that a non-specific condition (i.e., starvation) resulting from the deficiency of any essential mineral could cause the meiotic chromosome disturbances produced by the magnesium deficiencies. Some evidence can be presented against such non-specific action of mineral treatments. The frequency of spontaneous chromosome aberrations of material grown in '/20 normal Hoagland's solution (starvation), in iron-deficient or in highmanganese solutions, was no higher than in controls (unpublished data).
As is well known, chromosome stickiness can be brought about by a number of additional treatments and conditions (i.e., light conditions and time of fixation, ionizing radiation, and certain chemicals). Himes'6 using photometric and cytochemical techniques (Feulgen and methyl green) found the sticky chromatin material in Zea mays and A Ilium cepa to be desoxyribose nucleic acid (DNA). Whether this DNA was pedymelrized or depolymerized is still open to question.'7 The sticky chromosome material of the magnesium deficient chromosomes may also be DNA, although this has not as yet been tested.
There is evidence to support the possibility that magnesium is directly concerned with the metabolism of DNA. Stephenson'8 reported that gram positive Staphylococcus salivarius when grown on minimal amounts of magnesium or on acid media became gram negative. It is generally conceded that nucleic acid (probably ribose nucleic acid) is the material stained in the gram stain reaction. Tamm and Chargaff'9 investigated the role of magnesium as a cofactor for desoxyribonuclease. Magnesium functioned here both in enzymatic and non-enzymatic break-down of DNA. The possibility that magnesium forms bonds between DNA molecules has been considered.4 With magnesium present as a constituent of DNA and possibly responsible for the bonding of DNA molecules, the chromosomes would be expected to be more sensitive to breakage in absence of magnesium.
Magnesium, of course, functions as the coenzyme for a great variety of enzymes in the cell. Of these, some are involved with phosphorylation (i.e., acid phosphatase reportedly inside the nucleus), photosynthesis, decarboxylation, glycolytic pathways (i.e., enolase), and others. Because of the cytological evidence presented, along with the pertinent findings concerning nucleic acid metabolism, the most reasonable hypothesis is that the sticky chromosomes and chromosome aberrations observed are due to the effect of the magnesium deficiency on some aspect of DNA metabolism. However, the possibility that other metabolic functions of magnesium could be responsible for the observed nuclear disturbances cannot be entirely discarded.
The interaction of magnesium with other mineral elements in the cell i. A considerable body of genetic'-'2 and chemical'3-'8 facts has led to the following interpretation of the growth-cycle of T2 phage. Upon infecting a bacterial cell a phage particle is transformed into a noninfective intracellular form called vegetative phage. This vegetative form can multiply and, if a bacterium has been mixedly infected with two or more related phages which differ in their genetic composition, can also undergo genetic recombination. During the first few minutes after infection, called the eclipse period, only vegetative particles are present within the bacterium. Afterward infective (or mature) particles begin to form and accumulate at a constant linear rate until the bacterium lyses, at which time several hundred mature phage progeny are liberated. The vegetative particles are pictured as forming an intracellular pool from which units are removed at random and transformed irreversibly into mature phage particles, which then remain inert with respect to the multiplication and recombination processes of the vegetative particles. Thus the three critical processes which
